Feto-placental angiogenesis and vascular development are tightly regulated by pro-and anti-angiogenic factors. Villous trophoblast may be a major source of these factors. It forms the classical placental barrier between mother and fetus, and is thus exposed to maternal influences as well. Metabolic and hormonal derangements in gestational diabetes mellitus (GDM) affect feto-placental angiogenesis and vascular growth. Here we hypothesized that GDM alters the trophoblast secretome, which will modulate the paracrine regulation of feto-placental angiogenesis. Primary term trophoblasts were isolated from normal (n = 6) and GDM (n = 6) pregnancies. Trophoblast conditioned medium (CM) was used to investigate paracrine effects of normal and GDM-exposed trophoblasts on feto-placental endothelial cells (fpECs; n = 7), using functional assays for 2D network formation, wound healing, chemotaxis, and proliferation. Gene expression of 23 pro-and anti-angiogenic factors was analyzed. Four trophoblast-derived paracrine regulators of angiogenesis were specifically measured in CM. CM from GDM trophoblasts increased 2D network formation of fpEC by 2.4-fold (Po0.001), whereas wound healing was attenuated by 1.8-fold (P = 0.02) and chemo-attraction to the CM was reduced by 33 ± 9% (P = 0.02). The effect of CM on proliferation was unchanged between normal and GDM trophoblasts. Expression analysis of pro-and anti-angiogenic molecules in normal and GDM trophoblasts revealed significant differences in ANGPT2, HGF, KISS1 and PLGF expression. Analysis of secreted proteins demonstrated reduced pigment epithelium derived factor and tumor necrosis factor-α secretion by GDM trophoblasts. GDM alters the balance of trophoblast derived, angiogenesis modulating paracrine factors. This may contribute to GDM-associated changes in placental angiogenesis and vascular structure.
Angiogenesis is a multistep process including vascular sprouting, tubule morphogenesis, as well as adaption and stabilization of the vessel. 1 The involved special cell functions such as chemotaxis, migration, contacting of other cells, and proliferation are tightly orchestrated. 2 Thus, each sub-step of angiogenesis is target of regulation by autocrine, paracrine, and environmental factors. 3 The placenta is a fetal organ between mother and fetus that transports oxygen, nutrients, and waste products. Therefore, the placenta is highly vascularized and feto-placental angiogenesis is tightly regulated by a complex interplay of pro-and anti-angiogenic factors. 4, 5 Moreover, the placental vasculature is plastic. To meet the growing demands of the fetus, placental modes of angiogenesis change throughout gestation: vasculogenesis starting in week three of pregnancy is followed by sprouting angiogenesis until mid-gestation. From week 25 on, primarily non-sprouting angiogenesis is thought to occur, 4 although this clear switch was previously scrutinized. 6 In parallel to these changing modes of placental angiogenesis throughout pregnancy, the composition of proand anti-angiogenic signals in the placenta change.
Many of these pro-and anti-angiogenic factors are produced and secreted by the villous trophoblast, [7] [8] [9] [10] [11] [12] a specialized placental cell type that covers the entire placental villous structure. The dynamic expression of angiogenic factors is evidenced by high trophoblast expression of vascular endothelial growth factor (VEGF) in early pregnancy, whereas later in pregnancy VEGF expression of villous trophoblast declines. 7 Other trophoblast-derived angiogenesis modulating signals include fibroblast growth factor 2 (FGF2), 8 soluble FMS-related tyrosine kinase 1 (sFLT1), 9 placental growth factor (PGF), 7 tumor necrosis factor-α(TNF-α), 10 leptin, 11 and KISS1 metastasis suppressor (KISS1). 12 Recently, pigment epithelium derived factor (PEDF) was identified as a novel trophoblast-derived molecule regulating placental angiogenesis. 13 The composition and interaction of these trophoblast-derived factors will determine feto-placental angiogenesis. The trophoblast is exposed to and influenced by maternal endocrine and metabolic factors, which may in turn alter the trophoblast secretome. Thus, the maternal environment may influence the feto-placental vasculature as well.
Gestational diabetes mellitus (GDM) is defined as glucose intolerance that clinically manifests in the second half of gestation. 14 It is associated with morphological changes of the placental vascular tree, that is, increased capillary branching 15 and surface area. 16, 17 Calderon et al 18 reported no change in vessel number, but a reduction in vessel diameter in GDM placenta. However, in placentas of mild hyperglycaemic women, they identified a pronounced increase in the number of vessels. So far, fetal metabolic and hormonal changes in response to maternal hyperglycemia 19 have been regarded as a major mechanism for this GDM-associated placental vascular alterations. However, the maternal hyperglycemic, proinflammatory environment may also affect the expression of trophoblast-derived pro-and anti-angiogenic cytokines and growth factors. 20 These in turn may contribute to GDMrelated changes of feto-placental angiogenesis.
Here we hypothesized that trophoblast-derived paracrine regulation of feto-placental angiogenesis differs in GDM compared with normal pregnancies. To test this hypothesis we isolated primary term trophoblasts from normal and GDM pregnancies, and analyzed the in vitro effect of their secretome on biological sub-processes involved in angiogenesis of primary feto-placental endothelial cells (fpECs) from normal, non-GDM pregnancies. As we found differences in these processes, we further analyzed gene expression and protein secretion of pro-and antiangiogenic factors.
MATERIALS AND METHODS Ethical Approval
The study was approved by the institutional review board and ethical committee of the Medical University of Graz (25-008 ex12/13). Informed consent of the patients was obtained.
Sample Collection
Placentas were collected after normal (n = 13) and GDM (n = 6) pregnancies, and trophoblasts and feto-placental endothelial cells were isolated. Control placentas were derived from pregnancies of non-smoking women, with a negative 75 mg oral glucose tolerance test (oGTT), free of medical, or obstetrical disorders. All neonates had a birth weight between the 10th and 90th percentile. GDM was diagnosed at 28-32 weeks of gestation with a 75 g oGTT, with two or more values of the plasma glucose exceeding the following values: 92 g/l fasting, 180 g/l after 1 h, and 153 g/l after 2 h. 21 GDM women monitored their capillary glucose levels (memory reflectance meters; Accu-check, ROCHE Diagnostics) at least 4 times a day. They began appropriate diet providing 25-40 kcal/day/kg according to pre-pregnancy BMI. Compliance was checked by measuring maternal glycemia and fetal growth every 2 weeks. If mean maternal blood glucose values exceeded values of 1 g/l, insulin therapy was instituted (n = 2). All GDM patients were in good metabolic control with glycosylated Hb o5% and achieved target preprandial o90 g/l and postprandial o119 g/l glucose values until the last glucose control at the day before delivery. None of the women showed signs of hypertension or any other disease. Subjects' characteristics are shown in Table 1 . The GDM women were similar in pre-pregnancy BMI with the control group and were metabolically well-controlled based on the HbA1c values. Both placental and birth weight were comparable with the non-GDM group.
Isolation, Characterization and Culture of Human Placental Trophoblasts Trophoblasts were isolated as described by Chen et al. 22 In brief, after mincing placental villous tissue from healthy controls (n = 6) and women with GDM (n = 6), the tissue was digested with a trypsin/dispase/DNase solution (Gibo, Roche, Sigma) for 90 min. The cell suspension was centrifuged on a Percoll gradient (Sigma, St Louis, USA) at 4°C for 30 min at 300 g without brakes. Trophoblast-enriched layers were purified by immunodepletion of contaminating cells using beads conjugated to MCA-81 antibody against HLA-A, B and C (Serotec, Puchheim, Germany). Trophoblasts (3 × 10 6 ) were seeded in each well of a six-well dish in 2 ml DMEM containing 10% FCS and 1% penicillin/streptomycin (Gibco, Lofer, Austria) at 37°C and 8% oxygen. After 48 h, viability was tested by measuring secreted β-hCG levels in the culture supernatant (Siemens). Purity was determined by immunocytochemical staining for the trophoblast marker cytokeratin 7 (Dako, Vienna, Austria) and for the mesenchymal cell 23 Only preparations with a purity ≥ 99% were used.
Preparation of CM Trophoblasts were isolated from six different control placentas and six GDM placentas (Table 1) . Twenty hours after isolation, medium was changed to 2 ml of DMEM (Gibco) and endothelial basal medium (EBM, Clonetics, Lonza) mixed 1:1 with 7.5% FCS, further referred to as DE medium. The CM was collected after another 48 h, centrifuged at 300 g for 5 min and frozen at − 80°C in aliquots. For functional assays, two pools of CM from normal and GDM trophoblast isolations were produced. Each of the two control and two GDM pools consisted of three individual CM.
Pooling was necessary to obtain sufficient volume for testing in replicates.
Isolation, Characterization and Culture of Human Feto-Placental Endothelial Cells
Primary feto-placental endothelial cells (fpECs) were isolated from third trimester placenta (n = 7) after normal, uncomplicated full-term pregnancy following the protocol established in our laboratory. 24 Dissected arterial chorionic vessels were washed with Hanks balanced salt solution (HBSS; Gibco). Endothelial cells were isolated by perfusion of vessels with a prewarmed (37°C) enzymatic solution (0.1 U/ml collagenase and 0.8 U/ml dispase; Roche) in HBSS for 8 min.
After centrifugation (200 g) for 5 min, cells were resuspended in EBM supplemented with EGM-MV Bullet Kit (Clonetics, Lonza). Isolated fpEC were seeded in culture flasks coated with 1% gelatin (Sigma-Aldrich) and expanded at 37°C and 12% oxygen. The purity of the fpEC isolations was characterized by immunocytochemical staining for the endothelial cell marker von Willebrand factor and for fibroblast-specific antigen and smooth muscle actin, both potentially contaminating cell types. 24 Isolated cells were cultured and used for experiments up to passage 5. Two days before functional assays, cells were cultured at 8% oxygen.
2D Network Formation Assay
To assess the ability of human fpEC to form tube-like structures, trypsinized fpEC (1 × 10 4 ) were resuspended in 100 μl CM from normal and GDM trophoblasts. This cell suspension was seeded on growth factor reduced Matrigel (BD Bioscience, Vienna, Austria). Network formation started immediately after attachment of the cells on the Matrigel and was monitored in a cell observer (Carl Zeiss Imaging Solutions GmbH, Munich, Germany). Images of each well were captured every hour over a period of 24 h. Total tube length was quantified with ImageJ software (NIH) using the AngioJ-Matrigel assay plugin, kindly provided by Diego Guidolin, University of Padova, Italy. As all measured parameters showed a similar trend (not shown), total tube length was used as representative measure. All experiments were carried out in triplicates using seven different fpEC isolations.
Wound-Healing Assay/Migration assay A wound-healing assay evaluated directional migration of fpEC treated with CM of normal or GDM trophoblasts. Cell culture inserts for wound-healing assay (Ibidi GmbH, Planegg, Germany) were placed in wells of a 12-well plate. Cells (3.5 × 10 4 /70 μl EBM) were seeded in each of the two compartments of the inserts. After 24 h, inserts were removed leaving a cell monolayer separated by a 500 μm gap and the medium was replaced by CM of normal or GDM trophoblasts. Cell migration was monitored at 37°C and 8% oxygen for 24 h, with a picture taken every 30 min (cell observer; Zeiss). The gap closure was quantified with AxioVision LE64 software (Zeiss) after 3, 6, 12 and 18 h. All experiments were carried out in triplicates using six different fpEC isolations. Seven pictures per well were used for quantification.
Chemoattraction Assay
The chemoattraction of fpEC towards CM of normal or GDM trophoblasts was tested with a 96-well chemotaxis chamber system (Neuroprobe, Warwick, UK). FpEC were serum starved for 3 h in EBM without supplements. Then, 1 × 10 4 cells were resuspended in control medium and seeded on fibronectin-coated polycarbonate filters (8 μm pores). CM was placed in the lower chambers of the microplates and the filter was put on top. FpEC could migrate through the pores towards the CM for 4 h at 37°C and 8% oxygen. The upper surface of the filter was wiped clean of non-migrating cells. Migrated cells were fixed with 4% formaldehyde for 15 min and stained with DAPI (2.5 μg/ml; Invitrogen, Vienna, Austria) for 1 min. Pictures were taken with a digital camera attached to an inverted phase-contrast microscope (Zeiss). From each filter well 35 pictures were taken. Out of these, seven pictures were randomly selected and analysed using DotCount v1.2 (online provided by Martin Reuter, MIT). All experiments were carried out in triplicates using six different fpEC isolations.
Proliferation Assay
The effect of CM on fpEC proliferation was analyzed by measuring the incorporation of bromodeoxyuridine (BrdU) into DNA with Cyclex BrdU ELISA Kit (Cyclex, Woburn, USA), according to manufacturer's instructions. Cells (6 × 10 3 /100 μl EBM) were seeded in wells of a 96-well plate. After 20 h, cells reached 70% confluence. Then, medium was replaced by CM from normal or GDM trophoblasts and fpEC were cultured for further 24 h at 37°C and 8% oxygen. Then, BrdU was added to a final concentration of 10 μM and cells were incubated for 2 h. After fixation, an anti-BrdU antibody was added, followed by incubation with a HRP-conjugated secondary antibody. Absorbance was measured at 450/540 nm using the FluoSTAR Optima 413 plate-reader (BMG Lab Technologies, Offenburg, Germany). Experiments were carried out in triplicates using five different fpEC isolations.
Lactate Dehydrogenase Assay
Cytotoxicity of the CM on fpEC was investigated by lactate dehydrogenase (LDH) assay (Takara, Japan) according to the manufacturer's protocol. Cells (6 × 10 3 /100 μl EBM) were seeded in wells of a 96-well plate. After 20 h, medium was replaced by CM from normal or GDM trophoblasts and fpEC were incubated for another 24 h at 37°C and 8% oxygen. Absorbance was measured immediately thereafter at 490-/650 nm using a microplate reader (spectroMax 250 Molecular Devices MWG-Biotech, Germany). Experiments were carried out in triplicates using five different fpEC isolations.
RNA isolation, cDNA Synthesis and Quantitative Reverse-Transcription PCR Total RNA was isolated immediately after collection of CM using the RNeasy mini Kit (Qiagen, Hilden, Germany) according to manufacturer's instructions. RNA concentration and purity was assessed with a BioPhotometer (Eppendorf, Vienna, Austria). Total RNA (500 ng) was used to synthesize cDNA with Superscript II reverse transcriptase (Invitrogen), following the manufacturer's protocol. Quantitative reversetranscription PCR reaction was performed with TaqMan gene expression assays (Applied Biosystems, Vienna, Austria; Table 2 ) in an AB7900 Syllabus (Applied Biosystems). Gene expression was normalized to the mean expression values of the two housekeeping genes HPRT1 (Hs02800695_m1) and RPL30 (Hs00265497_m1). The 2 − ΔΔct method was used to calculate the fold change.
Quantification of Proteins in CM
Angiogenic factors in CM of normal and GDM trophoblasts were quantified according to the manufacturer's instructions using ELISA development kits (PeproTech, Vienna, Austria) for TNFα (900-M25) and FGF2 (900-M08) with the appropriate Buffer Kit (900-K00). FGF2 concentrations were determined after volume reduction to 50%, ie, an enrichment by twofold. The concentrations of sFLT1 and PEDF were GDM alters paracrine action of trophoblast J Loegl et al measured using immunoassays (Biovendor-R&D Products, Minneapolis, USA) according to the manufacturer's instructions. As a cell-free medium control, DE with 7.5% FCS was incubated, collected, and stored under the same conditions.
Statistical Analysis
After testing for normal distribution (Shapiro-Wilk), Student's t-test was used. Analysis of functional effects in fpEC used paired t-test. Significances were accepted if Po0.05.
RESULTS

Paracrine Effects on Feto-Placental Endothelial Cells Differ Between Normal and GDM Exposed Trophoblasts
FpECs were seeded on growth factor reduced Matrigel and exposed to medium conditioned by primary trophoblasts isolated after normal or GDM pregnancy. Networks developed immediately after seeding of the cells and were observed over a period of 24 h. After 12 h, networks were fully developed and were more pronounced, ie, 2.4-fold longer tubes (12.85 ± 1.58 vs 4.81 ± 0.64 μm; Po0.001), after 12 h with CM of GDM than CM of normal trophoblasts (Figures 1a and b) . The effect of CM from normal and GDM trophoblasts on fpEC migration was tested using a wound-healing and a chemotaxis assay. In the wound-healing assay, cell migration into a defined gap (500 μm) was observed over a period of 12 h. After 12 h gap width was 1.8-fold (P = 0.02) larger in size with CM from GDM than normal trophoblasts, suggesting slower migration (Figures 2a and b) . The chemoattraction assay measured fpEC migration through an extracellular matrix towards the different CM. CM of GDM trophoblasts revealed 33 ± 8% (P = 0.02) reduced chemoattraction vs CM of control trophoblasts (Figure 2c ).
Proliferation as a further process needed for angiogenesis in vivo was measured by BrdU incorporation. It did not differ between fpEC treated with CM of normal vs GDM trophoblasts (Figure 3a) . Release of LDH by fpEC as a measure of CM cytotoxicity did not differ between CM of normal and GDM exposed trophoblasts (Figure 3b ).
Gene Expression and Protein Secretion of Pro-and Anti-Angiogenic Factors Differ in GDM-Exposed Trophoblasts
The different effect of CM from normal vs GDM trophoblasts on fpEC functions suggests that GDM alters the trophoblast secretome. To test this, 23 pro-and anti-angiogenic factors were selected based on the literature 25-36 and analyzed on gene expression level. Three of these factors were additionally measured on protein level and sFLT1 secretion was quantified only in the CM.
Transcript levels of five mRNAs differed between normal and GDM trophoblasts, ie, the anti-angiogenic KISS1 (5.2-fold; Po0.05) and was increased, as well as ANGPT2 (2.5-fold; Po0.05) and the pro-angiogenic HGF (2.0-fold; Po0.05) and PGF (5.6-fold; Po0.01). TNFA was reduced (−3.8-fold; Po0.05) ( Table 2) . Expression of ANGPT1, CSF2, PRL and THBS2 was below detection limit after 35 amplification cycles, whereas expression of the other factors remained unchanged. Notably, also expression of VEGFA was Figure 1 Paracrine effect of conditioned media from normal vs gestational diabetes mellitus (GDM)-derived trophoblasts on network formation of fpEC. (a) Representative images of 2D networks of fpEC exposed to conditioned medium (CM) of normal trophoblasts (TB) and GDM-derived trophoblasts (dTB) after 12 h on growth factor-reduced Matrigel. (b) The total tube length (μm) was analyzed after 12 h with ImageJ software. Data are given as mean ± s.e.m. of n = 7 fpEC isolations, each performed in triplicates. CM of n = 6 TB and n = 6 dTB isolations were pooled, with the two control pools and the two dTB pools containing three individual CM each. **Po0.01. Scale bars, 250 μm.
unchanged. Analysis of protein secretion of TNFα and FGF2 as important placental pro-angiogenic factors confirmed the mRNA results: TNFα was reduced (sixfold; P = 0.008) and FGF2 unchanged (Figures 4a and b) . Moreover, we measured secretion of PEDF that we recently discovered as a trophoblast-derived anti-angiogenic factor 13 and sFLT1, a soluble splice variant of the VEGF receptor FLT1, which captures VEGF was not measured on mRNA levels. In contrast to unchanged mRNA levels, PEDF secretion was decreased in GDM trophoblasts by 65 ± 11% (P = 0.024). Secretion of sFLT1 was unchanged (Figures 4c and d) .
DISCUSSION
This study investigated whether GDM alters the paracrine regulation of feto-placental endothelial function by the trophoblast. Main findings were that GDM modifies the trophoblast secretome and, consequently, influences the paracrine effect of trophoblasts on in vitro behavior of primary fpEC.
Angiogenesis is a complex and tightly regulated process. It involves the escape of quiescence, chemotaxis, migration, tubulogenesis, and vessel stabilization. 1 These processes depend on regulation by cell-cell interaction, extracellular matrix composition, and soluble factors. 3 We here focussed on trophoblast-derived soluble factors and whether their effect on fpEC is altered in maternal GDM. Therefore, we used functional in vitro assays to determine the effect of these trophoblast-derived factors on distinct aspects of angiogenesis: 2D network formation, wound healing, chemotaxis, and proliferation. The functional assays revealed that different aspects of angiogenesis responded differently to the changed paracrine action of trophoblast in GDM: although CM of GDM-exposed trophoblasts induced more 2D network formation, wound healing and chemo-attraction toward the CM was reduced by paracrine factors of GDM-exposed trophoblasts. This may seem controversial, as all these processes depend on cell movement. However, these processes reflect distinct events of angiogenesis: The 2D network formation assay employed in this study measures cell reorganisation, contacting of scattered endothelial cells with and GDM-derived trophoblasts (dTB) was determined by ELISA. Data are given as mean ± s.e.m. of n = 5 fpEC isolations, each measured in triplicates. (b) Lactate dehydrogenase (LDH) release of fpEC after 24 h culture was unchanged between CM from normal and GDM derived trophoblasts. Data are given a mean ± s.e.m. of n = 5 fpEC isolations, each measured in triplicates. CM of n = 6 TB and n = 6 dTB isolations were pooled, with the two control pools and the two dTB pools containing three individual CM each. n.s., not significant. each other and the formation of cord-like structures in between of them, whereas the wound-healing assay determines migration of cells from a confluent cell monolayer into a cell-free area. Chemo-attraction assays measures chemotaxis towards an attractant, ie, the trophoblast CM.
Moreover, the presence of VEGF in the Matrigel may underlie the different effects of CM from GDM-exposed trophoblasts on network formation vs migration. On Matrigel, CM of GDM-derived trophoblast stimulated network formation, in absence of Matrigel, CM of GDM derived trophoblast reduced migration. Matrigel, even when growth factor reduced, is an extracellular matrix rich in growth factors such as VEGFA. Expression of ANGPT2 was increased in GDM-exposed trophoblasts and secretion of PEDF decreased. Both factors induce distinct effects depending on the presence or absence of VEGFA: effects of ANGPT2 promotes angiogenesis only in the presence of VEGFA 37, 38 and PEDF inhibits angiogenesis only when cells are stimulated by surrounding VEGFA 13 . Thus, VEGFA present in the extracellular matrix may alter the angiogenic response to the different CM.
Surprisingly, we did not find elevated levels of VEGFA expressed by GDM trophoblast and also secretion of the VEGF capture molecule sFLT1 was unchanged. Nevertheless, a role of VEGFA signaling in altered paracrine effects of GDM trophoblasts on fpEC may be hypothesized, as some of the factors altered in GDM trophoblast interact and affect VEGF signaling: the downregulated PEDF attenuates VEGFA Figure 4 Secretion of pro-and anti-angiogenic factors by trophoblasts isolated after normal and gestational diabetes mellitus (GDM) pregnancy. Secretion of the pro-angiogenic fibroblast growth factor 2 (FGF2) (a) and tumor necrosis factor-α (TNFα) (b), and of the anti-angiogenic pigment epithelium derived factor (PEDF) (c) and soluble FMS-related tyrosine kinase 1 (sFLT1) (d) by trophoblasts isolated after normal (TB) and GDM pregnancy (dTB), determined by ELISA. Data are given as mean ± s.e.m. of n = 6 individual conditioned medium (CM) from both control and GDM-derived trophoblast isolations, each measured in duplicates. *Po0.05 and **Po0.01, n.s., not significant. In non-conditioned medium, levels of the factors were below the detection limit of the ELISAs.
signaling through the VEGFA receptor kinase insert domain receptor (KDR). 13, 39 PGF expression is upregulated by GDM. PGF protein induces angiogenesis by binding to the VEGF receptor FLT1 and, by activation of FLT1, even stimulates VEGFA-induced KDR activation. 40 Thus, the reduction of PEDF and the increase of PGF may promote VEGFA-KDRinduced angiogenesis, albeit unchanged VEGFA levels, and thus stimulate angiogenic events in the GDM placenta.
These changes in expression and secretion of angiogenesis regulating factors may parallel the in vivo findings of placental vascular changes in GDM: Some studies demonstrate increased number of placental vessels in GDM, 16, 17 whereas another study found higher vascularisation only in cases of mild hyperglycemia with normal oGTT but not in the GDM group. 18 However, one needs to keep in mind that the paracrine regulation of feto-placental angiogenesis by trophoblast signals is only one level of control with fetal and other placental signals representing a second level, 13 which will also affect feto-placental vascular architecture. Such fetal and placental signals include circulating fetal pro-and antiangiogenic factors, as well as paracrine factors secreted by, for instance, Hofbauer cells. Thus, we cannot directly translate the altered in vitro effects of medium conditioned by GDM trophoblasts to placental vascular changes occurring in GDM in vitro, as trophoblast-derived signals will be integrated with other pro-and anti-angiogenic signals.
Overall, our data demonstrate that GDM disturbs trophoblast-derived paracrine pro-and anti-angiogenic signals and that, via secreted paracrine signals, the trophoblast contributes to the changes in the feto-placental vascular network in GDM. The trophoblast is exposed to the maternal environment, ie, circulating physiologically active substances and metabolites, as well as cytokines and growth factors secreted by decidual cells including NK cells, dendritic cells, and decidual macrophages. This opens the possibility that the mother, through effects on the trophoblast, can indirectly influence biological processes 41 such as angiogenesis at the feto-placental interface.
In vivo the villous trophoblast layer represents a polarized syncytium with a subjacent pool of proliferating and differentiating cells. This specialized structure does not develop after isolation in vitro, thus precluding analysis of the direction of secretion, ie, into the maternal circulation or through the basement membrane into either the placental stroma or directly to the endothelial cells. However, as CM of short-term trophoblast cultures were used, it is tempting to speculate that this CM is derived from mononucleated cytotrophoblasts that secrete toward the placental stroma and do not have any direct contact to maternal blood.
In conclusion, our data show that the balance of angiogenesis regulating factors secreted by trophoblasts differs in GDM. This imbalance will affect the feto-placental endothelium and thus may contribute to the altered fetoplacental vascular architecture in GDM.
